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Adoption 

This standard was adopted by the [Xth] Session of the Commission on Phytosanitary Measures in [Month 20-].

INTRODUCTION 

Scope 
The standard provides guidelines for the determination of the host status of fruits and vegetables (hereafter referred to as fruit) to fruit fly infestation and describes three categories of host status for fruit flies.

These guidelines include methodologies for surveillance under natural field conditions and trials under semi-natural field conditions that should be used to ascertain the host status of fruits to fruit fly infestation for cases where the knowledge of host status is uncertain or disputed.
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Definitions 

Definitions of phytosanitary terms can be found in ISPM 5 (Glossary of phytosanitary terms). For purposes of member consultation the following term and definition are presented in this draft ISPM but will be moved to ISPM 5 after adoption: 
	host status
	the condition of a plant as a host for a pest.


In addition to definitions in ISPM 5, in this standard the following definitions apply:
	natural host
	a plant species or cultivar that has been found to be infested under natural field conditions by the target fruit fly species and to sustain the production of reproductive adults.


	non natural host
	a plant species or cultivar that is not a natural host but has been scientifically demonstrated to be infested and to sustain the production of reproductive adults of the target fruit fly species under the semi natural field conditions set out in this standard.


	non-host


	a plant species or cultivar that is neither a natural host nor a non-natural host of the target fruit fly species.



Outline of Requirements
This standard describes requirements for determining the host status of a fruit for a particular fruit fly (Diptera: Tephritidae) species and designates three categories of host status (natural host, non-natural host and non-host).

The host status category for hosts of fruit flies is fundamental for pest risk assessment and for determining pest risk management options. Hence, categories of and procedures for determining the host status should be harmonized and applied to fruit fly risk analysis.
Requirements include:

1. proper identification of the fruit fly species, test fruit (including cultivar and stage of maturity) and, for field trials, control fruit

2. the specification of parameters for adult and larval fruit fly surveillance and field trial design to determine host status and specify the defined condition(s) of the fruit to be evaluated as a host

3. biological stages of the fruit fly (larvae, pupae or adults) to be used as the basis for determination of host status

4. holding and handling of the fruit to rear fruit flies after exposure

5. evaluation of collected data and interpretation of results.

Further, this protocol recommends that laboratory trials should not be used as the basis for determination of host status of fruits to fruit fly infestation.

BACKGROUND
Fruit flies (Diptera: Tephritidae) are economically important pests that often require the application of phytosanitary measures for movement of host commodities in trade. The host status of commodities (fruit) produced from a particular plant species is an important element of pest risk analysis (PRA) for a particular fruit fly species for assessing the likelihood of pest introduction and spread as well as determining appropriate risk management options (ISPM 11:2004).

The host status of fruits for fruit flies is a fundamental concept for pest risk analysis and the subsequent decision to take measures against fruit flies. Hence, categories of and procedures for determining the host status should be harmonized (ISPM 26:2006, ISPM 30:2008 and ISPM 35:2012).
Some host records listed in the scientific literature are flawed with respect to host status. Such host records have, in some cases, resulted in the imposition of unnecessary or overly restrictive phytosanitary measures by national plant protection organizations (NPPOs) on some fruit commodities. Given this, there is a need for an international guidance that helps NPPOs to determine host status in order to avoid unnecessary trade restrictions.

Historical evidence, pest interception records and scientific literature on host status may provide accurate information so that host status determination based on field evaluations is not required. However, historical records and literature may sometimes be unreliable, for example: 
1. Fruit fly and plant species or cultivars may be incorrectly identified and reference specimens may be unavailable for verification.

2. Collection records may be incomplete, incorrect or of dubious value (e.g. host status based on the catch from a trap placed in a fruit plant or based on infested fallen or damaged fruit).

3. Important details may have been omitted, for example, cultivar and stage of maturity, physical condition of fruit at the time of collection or the orchard sanitary condition.   

More detailed information on one approach to reporting of host status determinations from natural infestations can be found in Aluja and Mangan (2008).
Protocols and comprehensive trials to determine fruit fly host status have been documented in the scientific literature. However, inconsistencies in terminology and methodology contribute to variations in interpretation of fruit fly risk and in application of inadequate phytosanitary measures. Harmonization of terminology, protocols and evaluation criteria for determination of fruit fly host status will promote consistency among countries and scientific communities. When clear evidence of host status is not available, then host status field trials, detailed experimental design, and the acceptable level of effectiveness and statistical confidence for trials may be required.

GENERAL REQUIREMENTS
Three categories of host status (natural host, non-natural host and non-host) can be determined using the following steps, as also outlined in the flow chart (Figure 1).

A. In cases where, from existing biological or historical information, the evidence is very clear that the fruit do not allow infestation leading to the production of reproductive adults, no further surveys or field trials may be required and the fruit should be categorized as a non-host.

B. In cases where, from existing biological and historical information, the evidence is very clear that the fruit allows infestation leading to the production of reproductive adults, no further surveys or field trials may be required and the fruit should be categorized as a natural host.

C. In cases where additional information is required, extensive larval (fruit sampling) and adult field surveillance (trapping) or field trials are necessary to determine fruit infestation or non-infestation.

C1. In cases where no infestation is found after conducting extensive larval and adult field surveillance, the fruit may be categorized as non-host.

C2. In cases where infestation is found by surveillance, the fruit should be categorized as a natural host.  
C3. In cases where no infestation is found, additional field trials may be needed under semi-natural conditions to assess whether the target fruit fly can successfully produce reproductive adults on the particular fruit species or cultivar.

C3a. If the target fruit fly species cannot produce reproductive adults, the fruit should be categorized as a non-host.

C3b. If the target species can produce reproductive adults, the fruit should be categorized as a non-natural host.
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Figure 1. Flow chart indicating proposed steps for fruit fly host status determination. 

SPECIFIC REQUIREMENTS 
Host status can be determined through historical production or trade data revealing natural infestations, through surveillance by extensive fruit sampling to gather evidence of natural infestations, or through trials under semi-natural field conditions. Where historical data do not provide clear evidence, surveillance through fruit sampling may be sufficient to determine host status. Field trials under semi-natural conditions may be conducted in cases where host status has not been scientifically determined by surveillance, or when, based on PRA, there is a need to determine if a particular fruit is a non-natural host.

Because extreme artificial conditions are inherent in laboratory tests under which flies are presented with harvested fruit that undergoes rapid physiological changes with respect to resistance to infestation, the results obtained may be meaningless from a biological and regulatory perspective for determination of host status. As has been widely documented, under artificial conditions, females of polyphagous species will lay eggs in almost any substrate presented to them and, in most cases, larvae develop into viable adults. As a result, highly biased results may be obtained and, therefore, laboratory tests are not recommended. Therefore, host status determinations should be based on fruit sampling and, where needed, on additional trials under semi-natural field conditions (i.e. field cages, fruit-bearing bagged branches or greenhouses). 
If field trials are required, they should focus on the specific physiological condition of the fruit and target fruit fly incidence over the entire growing area, relevant harvest and export periods. Any field trials should be replicated, statistically analysed, and the levels of confidence reported based on sample size so that data are verifiable and replicable.

The following factors are important in planning host status determination trials:

1. the identity of the plant species (including cultivars) and the target fruit fly species 

2. the physiological condition of the fruit to be evaluated as a potential host

3. relevant information, literature and records regarding host status of the fruit and fruit fly species, including a critical review of such information

4. origin and rearing status of the fruit fly colony to be used in trials

5. known natural host species and cultivars to be used as controls in trials

6. separate trials for each fruit fly species for which determination of host status is required

7. separate trials for each cultivar of the fruit, only if cultivar differences are the purported source of host variability to fruit fly infestation.

1. Natural Host Status Determination by Surveillance Using Fruit Sampling 
Host status can be determined and designated based on confirmation of natural infestation during the harvest period (fruit sampling) without any field trials. 

Natural infestation samples should be representative of the range of production areas and environmental conditions, maturity stages and natural damage levels. Surveillance by fruit sampling is the most reliable method to determine natural host status because it 
1. does not interfere with the natural behaviour of fruit flies

2. accounts for high levels of variability in the fruit, fruit fly behaviour and periods of activity.

However, disadvantages of the surveillance of natural infestation by fruit sampling include the facts that 
1. variability in fruit fly behaviour is not completely known or controlled

2. variability in the fruit is not completely known or controlled.

2. Host Status Determination with Field Trials under Semi-natural Conditions 

The objective of host status field trials is to demonstrate host status of a specified fruit under specific defined conditions based on statistically valid data. Trials may include field cage, fruit-bearing bagged branches and greenhouse (including glass, plastic and screen houses).

Advantages of semi-natural field trials include: 
1. Fruit flies are allowed to exhibit natural oviposition behaviour.

2. The fruit remains attached to the plant and does not degrade during the trials.

Disadvantages of semi-natural field trials include:

1. Field trials can be resource intensive.

2. Environmental variables may compromise the trials.

The following subsections outline elements to take into account when designing field trials.

2.1 Fruit samples 
The following requirements apply to fruit sampling in the trials: 
1. Sampling protocols should be based on principles of independence and randomness and be appropriate for the statistical analysis to be performed.

2. Period of time, the number of repetitions per growing season and the number of replicates should account for the variability of target fruit flies and fruit over time and over the production area. This should account for early and late harvest conditions and be representative of the range of actual production and growing conditions. The number and weight of the fruit required and replicates per trial to determine effectiveness and confidence level should be specified. Sample size should provide a confidence level of at least 95%.

3. To determine host status and confidence level, the number of eggs oviposited and resulting immatures or adults should be determined from controls. Infestation level should be measured by determining the proportion of infested fruit and the number of larvae, pupae or adults yielded per individual fruit and per kilogram of fruit.

2.2 Fruit flies 
The following operational procedures are recommended: 
1. Basic information on target fruit fly species and their known hosts from the determined production area should be compiled.

2. The use of wild populations for the trials is desirable. If wild flies cannot be obtained in sufficient numbers, the colony should be no older than three generations at the initiation of the trial, when possible, and maintained on natural hosts to ensure normal oviposition behaviour.

3. When possible, the fruit fly colony should originate from the same area as the target fruit.

4. Prior to the field trials, the pre-oviposition, oviposition and mating periods should be determined so that sexually mature, mated females are exposed to the fruit at the peak of their reproductive potential.

5. The age of the adult females and males used in the trials should be recorded at the mating date and at the beginning of the trials.

6. The number of gravid females required per fruit should be determined according to fruit size and trial conditions. The number of fruit flies per replicate should be determined according to fruit fly biology, amount of fruit to be exposed, and other trial conditions.

7. The exposure time of the fruit to the target fruit fly species should be between 24 and 72 hours.

8. The number of dead adults occurring during the field trials should be recorded and dead fruit flies should be replaced with live adults of similar physiological conditions. High adult mortality may indicate that unfavourable conditions (e.g. excessive temperature) or contamination of trial fruit (e.g. residual insecticides) has occurred. In such a case, the trials should be repeated. It should be noted if an individual female is used in more than one trial.

2.3 Fruits 

The fruit used in the host status field trials should be: 
1. the same cultivar and from the same production area as that to be exported 

2. free from contaminants, pesticides, dirt, fruit flies and other pests 

3. fruit of defined physiological condition

4. commercial grade of a defined colour, size and physiological condition from which the host suitability should be evaluated

5. at an appropriate defined stage of maturity measured by dry matter or sugar content.

2.4 Controls 
As controls, known natural hosts are required for all cage or glasshouse trials. Fruit should be free of prior infestation (e.g. by bagging, from a pest free area). Fruit flies used in control and trial replicates should all come from the same cohort.

Controls are used to: 
1. verify that females are sexually mature, mated and exhibiting normal oviposition behaviour

2. indicate the level of infestation that may occur in a good natural host

3. indicate the time frame for development to the adult stage under the trial conditions in a good natural host

4. confirm that environmental conditions were appropriate for infestation and rearing

5. in the case of natural infestation samples, confirm that wild females were ovipositing in the area where the fruit is grown during the trial period.

2.5 Field trials 
For this standard, field trials include field cage, fruit-bearing bagged branch and greenhouse trials. Trials may be conducted in sequence. However, it may be more practical to conduct trials simultaneously while the fruit is available. Trials should be appropriate for the evaluation of the physiological condition(s) of the fruit as a potential host for fruit fly infestation.

Mesh field cages may enclose whole fruit-bearing plants (large field cages) or parts of plants including the fruit (bags) into which the flies are released. Alternatively, fruit-bearing plants may also be exposed in greenhouses into which flies are released. The fruit can be grown in the enclosure or be introduced as potted plants for the trials. It is important to note that, because the fruit fly females are artificially confined with the specific fruit under observation, they may be forced to lay eggs in a non-natural host.

Trials should be conducted under conditions appropriate for fruit fly activity, including oviposition:

1. Field cages should be of an appropriate size and design for trials. For example, cage or greenhouse size should be adequate to ensure confinement of the adults and trial hosts, allow adequate airflow and allow for conditions that facilitate natural oviposition behaviour.

2. Adults should be provided with the appropriate adult food and water ad libitum.

3. The temperature, relative humidity, light intensity and photoperiod, wind and any other environmental conditions should be kept optimal and be recorded during the period of the trials.

4. Males may be kept in cages or greenhouse with the females if it is beneficial for encouraging oviposition.
5. Predators to the target fruit fly should be removed from cages before initiating the trials. The cage should prevent entry of natural enemies to fruit flies.

6. For the controls, a set of well-known natural hosts can be manually attached to plants by hanging them from branches.

7. The test fruit should remain naturally attached to plants and may be exposed to the fruit flies either by caging the fruit in the field or by using potted plants in a greenhouse.

8. The plants should be grown under conditions that exclude any interference from chemicals that may be deleterious to fruit flies.

9. A replicate should be a single bag or cage, preferably on one plant.

10. Fruit fly mortality should be monitored and recorded and dead flies should immediately be replaced with live flies from the same cohort to ensure adequate infestation pressure.

11. For greenhouse trials, the fruit should be grown under commercial conditions or in containers of a size that allows normal plant and fruit development.

12. After the designated exposure period for oviposition, the fruit should be removed from the plant and weighed and the number and weight of fruit recorded.

3. Fruit Handling for Insect Emergence 
Fruit collected from natural and semi-natural conditions, as well as control fruit, must be held until larval development is complete. Fruit holding conditions should maximize fruit fly survival and be specified in the experimental design.

Fruit must be held in an insect-proof facility or container under conditions that ensure pupal survival. Holding conditions that should be considered include, but are not limited to:

1. temperature

2. relative humidity

3. availability and suitability of pupation medium

4. facilitation of accurate recording of the number of larvae, pupae and adults emerging from fruit sampled. (A subsample of fruit may be taken to calculate the percentage of fruit infestation.) 
Data to be recorded include, but are not limited to:

1. physical conditions (e.g. temperature, relative humidity) in the fruit holding facility, daily during the period of fruit holding

2. date and number of collected larvae and pupae from the test fruit and the controls:

· The medium may be sieved at intervals before all larvae have left the fruit and at the end of the holding period (which varies with temperature and host status).

· The normal period of development for target fruit fly species should be determined from the controls and colony. At the end of the holding period, the fruit should be dissected before being discarded, to determine the presence of live and dead larvae or pupae remaining inside if larvae have had enough time to emerge. If live larvae are present, the fruit should be held until all mature larvae have exited or been removed.

· All or a subsample of pupae should be weighed and abnormalities recorded.

3. number and emergence dates of adults by sex:

· All emerging adults should be identified to species and sex, and counted. Abnormalities should be recorded.

4. ability to reproduce and produce reproductively viable progeny.

4. Data Analysis and Interpretation of Results
Data from samples obtained by fruit sampling should be analysed individually to determine the significance of experimental variables.

The following procedures apply to data collection and analysis:

1. The percentage of emergence should be determined.
2. Calculate levels of infestation and levels of confidence that will support host status determination.
3. The sample size used to ascertain the confidence level should be determined by scientific reference.
4. Parameters such as the level of infestation, time of development of larvae and pupae, and number of viable adults should be considered to define the level of host infestation. 
Emergence of a reproductively viable adult from field trials under semi-natural conditions in any one replicate indicates that it is a non-natural host.

6. Record-Keeping 
The NPPO should keep appropriate records of host status field trials for a period of at least five years. Information kept should be appropriate for the intended purpose of determination of host status. Information in the records should include, but is not limited to:

1. scientific name of the target fruit fly

2. scientific name, cultivar, and origin of the fruit

3. location of identified reference specimens (which should be kept in an official collection)

4. records on the origin and rearing of the fruit fly colony

5. physiological condition of the fruit for fruit fly infestation

6. trials conducted, experimental design, dates, locations, raw data, statistical calculations and results

7. key scientific references used

8. additional information, including photographs, that may be specific to the fruit fly, the fruit or host status.

Records should be kept and made available upon request of the NPPO of the importing country. 

This appendix is for reference purposes only and is not a prescriptive part of the standard. 
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